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Description 

M e thod for monitoring the operability of a fuel injection system 
METHOD FOR MONITORING THE OPERABILITY OF A FUEL INJECTION SYSTEM 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a U.S. national stage application 

of International Application No. PCT/EP2006/050334 filed 
January 20 , 2006 , which designates the United States of America, 
and claims priority to German application number 
DE 10 2005 004 423.9 filed January 31, 2005, the contents of 
which are hereby incorporated by reference in their entirety. 

TECHNICAL FIELD 

[0002] The invention relates to a method for monitoring the 

operability of a fuel injection system according to claim 1. 

BACKGROUND 

[0003] A wide variety of methods for monitoring the 

operability of a fuel injection system are known from the prior 
art. The increasingly stringent exhaust gas regulations require 
ever more precision from the fuel injection systems of internal 
combustion engines. The requirements placed on the methods for 
monitoring the operability of fuel injection systems are 
therefore also becoming more exacting. 



AUS01 :435256 . 1 



ATTORNEY DOCKET NO, PATENT APPLICATION 

071308,0762 

2004P18156WOUS 

SUBSTITUTE SPECIFICATION 
FOR NATIONAL PHASE SUBMISSION 

MARKED UP VERSION 

2 

[0004] DE 198 56 203 C2 discloses a fuel supply system for an 

internal combustion engine of a motor vehicle whereby fuel is 
delivered to a pressure accumulator by a pump. Connected to the 
pressure accumulator are injection valves which supply fuel to 
the internal combustion engine when activated by a control unit. 
To monitor the operability of the fuel supply system, the 
pressure in the pressure accumulator is caused to change by the 
control unit. The time required to set the pressure change is 
then measured. The time measured is compared with experimentally 
determined time values and a fault is deemed to be present if 
the measured time values do not correspond to the stored time 
values . 

[0005] In addition, DE 199 46 506 CI discloses a method for 

monitoring malfunctions in the pressure system of a fuel 
injection system by measuring the pressure change in the 
pressure system and determining periodic pressure variations. A 
fault is indicated if the periodicity of the registered pressure 
measuring signal deviates significantly from the pattern to be 
expected for fault-free operation of the system in respect of 
the amplitude and/or homogeneity of the pressure variations. 

SUMMARY 

[0006] The object to the invention is to provide an improved 

method for monitoring the operability of a fuel injection 
system. 

[0007] This object i3 can be achieved by a method for 

monitoring the operability of an injection system of an internal 
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combustion engine/ comprising a pressure accumulator, an 
injection valve connected to the pressure accumulator , a 
controllable fuel supply system which delivers fuel to the 
pressure accumulator, the method comprising the steps of: 
measuring the pressure in the pressure accumulator by a pressure 
sensor coupled with the pressure accumulator, feeding the 
measured pressure value to a control unit; controlling the 
quantity of fuel delivered by the injection valve and supplied 
from the fuel supply system as a function of operating 
parameters of the internal combustion engine, varying the 
quantity of fuel delivered by the injection valve, measuring a 
resulting pressure, comparing the resulting pressure with a 
setpoint pressure for the given operating conditions, and 
detecting a malfunction source depending on the deviation of the 
measured resulting pressure from the comparison value and if the 
measured resulting pressure is below the setpoint value, 

[0008] the features set forth in claim 1, The method 

according to claim 1 has the advantage that the cause of the 
fault is analyzed and its source is able be determined more 
precisely. 

Further advantageous embodiments of the invention arc detailed 
in the dependent claims, 

[0009] In another embodiment of the invention, the leak- 
tightness of the injection system is detected as the malfunction 
source if, in the event of a change in the injection quantity, 
the pressure in the pressure accumulator is less than the 
setpoint value and a constant pressure established itself in the 
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pressure accumulator. This means that leaks in the pressure 
system of the injection system can be accurately detected, 
thereby enabling appropriate emergency programs to be executed 
by the control unit. 

[0010] In a further embodiment of the method according to the 

invention, the fuel supply is detected as the malfunction source 
if the injection quantity changes and the pressure in the 
pressure accumulator is below setpoint and the fuel pressure in 
the pressure accumulator changes contrary to the change in the 
injection quantity. Thus monitoring of the fuel supply system 
can be performed using the described method and if a fuel supply 
system malfunction is detected, an appropriate emergency program 
can be employed by the control unit. 

[0011] In a further preferred embodiment, the pressure in the 

pressure accumulator is detected for a period of one second 
after a change in the injection quantity and the pressure 
measured during the measurement time is compared with a setpoint 
value or setpoint response. Due to the comparatively long time 
period, transient faults due e.g. to defective injection valves 
can be averaged out. This means that only faults caused by the 
injection system and not by the injection valves are detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention will now be explained in greater detail 

with reference to the accompanying drawings in which: 

Figure 1 schematically illustrates a fuel injection 
system; 
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Figure 2 shows two diagrams the detecting a first fault 
scenario; and 

Figure 3 shows two diagrams the detecting a second fault 
scenario . 

DETAILED DESCRIPTION 

[0013] Figure 1 schematically illustrates a fuel injection 

system for an internal combustion engine, in particular a common 
rail injection system. The injection system has a high pressure 
accumulator 1 which is connected to the injection valves 2. The 
high-pressure accumulator 1 is additionally connected to a fuel 
supply system 4 via a supply line 3 . The fuel supply system is 
connected to a fuel tank 5. There is additionally provided a 
control unit 6 which controls the fuel supply system 4 and the 
injection valves 2 as a function of operating conditions of an 
internal combustion engine. For this purpose the control unit 6 
has a data memory 7 in which appropriate control programs are 
stored. To control the fuel supply system 4 there is provided a 
control line 11 between the control unit 6 and the fuel supply 
system 4. In addition, sensors 9 which detect the operating 
conditions of the internal combustion engine 8 are disposed on 
the internal combustion engine 8. The operating conditions thus 
determined, such as the engine speed and gas pedal position, are 
passed to the control unit 6. Control lines for controlling the 
injection valves 2 are additionally implemented between the 
injection valves 2 and the control unit. There is additionally 
provided on the high-pressure accumulator 1 a pressure sensor 10 
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which detects the fuel pressure in the high-pressure accumulator 
1 and forwards it to the control unit 6 . 

[0014] The task of the fuel supply system 4 is to supply the 

high-pressure accumulator 1 with fuel at a desired setpoint 
pressure under the control by the control unit 6. For this 
purpose the fuel supply system 4 can have various components. In 
the embodiment shown, the fuel supply system 4 has a fuel pump 
12 and a meter- in flow control valve 13 connected between the 
fuel tank 5 and the fuel pump 12 . Between the fuel pump 12 and 
the high-pressure accumulator 1 there is additionally connected 
a pressure valve 14 whose output is connected to a return line 
15 . 

[0015] For controlling the amount of fuel supplied to the 

high-pressure accumulator 1, a flow cross section of the meter- 
in flow control valve 13 is increased to a lesser or greater 
degree by the control unit 6 so that a larger or smaller amount 
of fuel can be delivered to the high-pressure accumulator 1 by 
the fuel pump 12 . Additionally available as a further means of 
influencing the fuel pressure in the high-pressure accumulator 1 
is the pressure valve 14 which is likewise actuated by the 
control unit 6. If the pressure valve 14 is caused to open by 
the control unit 6, fuel which has already been compressed by 
the fuel pump 12 and pumped into the supply line 3 is fed back 
into the fuel tank 5 via the return line 15, thereby reducing 
the fuel pressure in the high-pressure accumulator 1 . 

[0016] During operation of the internal combustion engine, 

the fuel supply to the high-pressure accumulator 1, the fuel 
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pressure in the high-pressure accumulator 1 and the quantity of 
fuel delivered by the injection valves 2 is adjusted according 
to defined control programs as a function of operating 
conditions of the internal combustion engine 8 . 

[0017] The pressure at which the fuel is injected is an 

essential criterion for the exhaust quality of the internal 
combustion engine and must therefore be precisely adhered to. 

[0018] Figure 2 (top) shows the time response of the quantity 

of fuel delivered by the injection valves 2. The lower diagram 
plots the parallel time response of the pressure in the high- 
pressure accumulator 1 which is detected by the pressure sensor 
10. The top diagram shows that the quantity of fuel at instant 
to falls from an upper value to a lower value at instant tl and 
then increases again to a higher value at instant t2 , falling 
again to a lower value at instant t3 . The time between the 0 th 
instant to and the third instant t3 is longer than 1 second. 

[0019] In parallel with this, the lower diagram plots both 

the setpoint value of the fuel pressure and the measured 
pressure p over time. The setpoint is specified by the control 
program depending on operating conditions of the internal 
combustion engine. The control unit 6 activates the fuel supply 
system 4 such that the setpoint pressure is set. The lower 
diagram shows that during the measuring period, i.e. from the 0 U 
instant to to the third instant t3, the pressure value p 
measured remains virtually constant and is below the setpoint 
pressure . 
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[0020] The control unit 6 therefore detects that a 

malfunction is present in the fuel supply system 4. The control 
unit 6 can also detect on the basis of the existing situation, 
i.e. the injected fuel quantity changes over time and the fuel 
pressure obtaining in the high-pressure accumulator 1 remains 
virtually constant and below setpoint, that a pressure valve 
malfunction is present. For the detection of a virtually 
constant pressure, a pressure range of e.g. 3% is specified 
within which the fuel pressure in the high-pressure accumulator 
1 may vary during measurement, the control unit 6 nevertheless 
detecting a constant fuel pressure in the high-pressure 
accumulator 1, however. 

[0021] If the control 6 detects a fault in the pressure valve 

14, an appropriately prepared emergency program is used by the 
control unit 6 for the subsequent activation of the fuel supply 
system 4 and/or injection valves 2. The emergency program is 
stored in the memory 7 of the control unit 6 . 

[0022] Figure 3 shows another fault scenario. Figure 3 again 

shows the variation in the amount of fuel injected by the 
injection valves 2 over time. In the lower diagram, the setpoint 
value of the fuel pressure and the measured fuel pressure are 
simultaneously plotted over time. Also in this situation the 
quantity of fuel injected by the injection valves 2 is reduced 
from a high value at instant tO to a lower value at the first 
instant tl, then increased to a higher value at the second 
instant t2 whereupon it is reduced to a lower value at the third 
instant t3 . The time between the 0 th instant tO and the third 
instant t3 corresponds to approximately 1 second. 
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[0023] The time response of the measured pressure in the 

high-pressure accumulator 1 exhibits a pressure variation 
contrary to the fuel variation, i.e. while the amount of fuel 
injected is falling, the fuel pressure in the high-pressure 
accumulator 1 is increasing and vice versa. The control unit 6 
therefore unambiguously detects a malfunction of the meter-in 
flow control valve 13. If a malfunction of the meter-in flow 
control valve 13 is detected, an appropriate emergency program 
for the subsequent activation of the supply system 4 and/or the 
injection valves 2 is employed by the control unit 6. 

[0024] For example, the emergency program used in the event 

of a meter-in flow control valve malfunction reduces the 
quantity of fuel to be injected by the injection valves 2. If a 
defective pressure valve is detected, the pressure setpoint 
value is additionally limited, for example. 

[0025] Other parameters for the emergency program to be used 

can be limited or varied depending on the application. 
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Abstract 

Method for monitoring the oporability of a fuel — injection ayatcm 
ABSTRACT 

[0026] A method for monitoring the operability of injection 

system of an internal combustion engine is described whereby, if 
the quantity of fuel injected changes, a malfunction source is 
detected according to the behavior of the pressure obtaining in 
the high-pressure accumulator. An appropriate emergency control 
program is executed by the control unit depending on the 
malfunction source detected. The method describes enables a 
malfunction source to be simply and accurately analyzed. 

Figure 2 
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